Primary Aldosteronism Simulating Polymyositis
To the Editor:
Primary aldosteronism (PA) is a condition in which tumors or hyperplasia of the zona glomerulosa of adrenal cortex cause overproduction of aldosterone and suppression of renin activity, resulting in refractory hypertension, hypokalemic paralysis, and potassium-losing nephropathy. Most patients present with typical features and are easily diagnosed. However, some patients may have special presentations and represent a major challenge for diagnosis and treatment. For example, patients with PA prominently characterized by hypokalemic myopathy (HM) may resemble patients with polymyositis (PM) clinically and pathologically.
We describe 3 cases of PA who presented to our hospital with HM as a prominent feature of their hyperaldosteronism. Findings in these patients included muscle pain and weakness, significantly increased creatine kinase (CK), myopathic changes on electromyography (EMG), or inflammatory cell infiltration on muscle biopsy. Early diagnosis and treatment for these patients were delayed because of the PM-like findings. The clinical and enzymatic features of muscle involvement and the electromyographic and/or histological findings of muscles were substantially consistent with the diagnosis of PM 1 .
Few cases of PA chiefly characterized by HM have been reported. A search of reports published in China over the past decade identified 7 cases 2, 3, 4, 5, 6, 7 . In order to increase clinicians' awareness and understanding of PA simulating PM and prevent possible misdiagnosis, we analyzed 3 cases admitted to our institution and 7 treated by others.
Case 1.
A 45-year-old previously healthy man presented to our outpatient department with muscle myalgia and weakness involving all extremities for 10 days. Serum CK was 18,561 IU/l and EMG confirmed myogenic damage. He was admitted for suspected PM. Blood pressure (BP) was 185/115 mm Hg. He had a passive position. No rash was observed and thyroid gland was not enlarged. Examination of heart, lung, and abdomen revealed no abnormalities. Muscle power was grade 2/5 over proximal and distal muscle groups in all 4 limbs. Sensory testing was normal. Biceps and patellar reflexes were diminished and plantar response was downward. Laboratory tests revealed the following values: serum potassium 1.24 mmol/l, sodium 140.9 mmol/l, chloride 101.2 mmol/l, magnesium 0.62 mmol/l, calcium 2.11 mmol/l, carbon dioxide 41.8 mmol/l; myocardial enzyme profile: creatine phosphokinase 18,561 IU/l, CK isoenzyme (CK-MB) 82.6 IU/l, alanine aminotransferase (ALT) 385 IU/l, aspartate aminotransferase (AST) 825 IU/l, lactate dehydrogenase (LDH) 1158 IU/l; urine dip test: blood +++, protein ++, PH 8.0, and 3 red blood cells (RBC) per high power field (hpf). Complete blood count, erythrocyte sedimentation rate (ESR), blood urea nitrogen (BUN), creatinine, glucose, total protein, albumin, and thyroid function tests were normal. Normal immunologic measures included antinuclear antibody (ANA), antiextractable nuclear antigen (ENA) antibodies, anti-double stranded DNA (dsDNA) antibodies, complement, immunoglobulins, and rheumatoid factor (RF). Electro cardiography (ECG) showed sinus rhythm, flat T waves in all leads, obvious U waves, fusion of T and U waves, and ST-segment depression of 0.10-0.15 mV in V3-6. Chest radiographs were normal. B-mode ultrasonography of bilateral kidneys detected no abnormalities. Quadriceps muscle biopsy showed focal necrosis of muscle fibers with inflammatory cell infiltration. Vacuolar changes in muscle fibers were not seen ( Figure  1 ). During hospitalization, he received intravenous methylprednisolone 120 mg/day, aggressive antihypertensive therapy, and potassium supplementation (6 g/day potassium chloride). After 5 days of treatment, his myalgia and muscle weakness improved significantly and testing revealed CK 762 IU/l and potassium 2.9 mmol/l. This treatment course was not consistent with PM. Considering the presence of concomitant hypertension, hypokalemia, and alkalemia, we agreed that he was more likely to have PA than PM. Steroid use was then discontinued. Further investigations revealed 24-h urinary potassium excretion 69.5 mmol/l, plasma aldosterone 554.2 pmol/l in supine position (normal 166.2-470.9), and plasma rennin activity 0.04 µg/l/h in supine position (normal 0.2-1.9). Contrastenhanced computed tomography (CT) scan of bilateral adrenal glands showed a 1.1 cm × 1.2 cm adenoma in the left adrenal area. After surgical removal of the adenoma, the pathology report confirmed adrenocortical adenoma. Postoperative tests showed potassium 4.5 mmol/l and CK 65 IU/l. BP was normal and the myalgia and muscle weakness resolved. The patient reported no recurrence of the symptoms during 2-year followup.
Case 2.
A 36-year-old woman visited the outpatient department due to 1 week of worsening muscle pain and weakness in all extremities, which had occurred repeatedly during the past 3 months. Evaluation revealed CK 6954 IU/l and EMG showed myogenic damage. She then was hospitalized for suspected PM. She admitted a history of polydipsia and polyuria for the last 6 months and had never had BP measured. BP was 165/105 mm Hg. She had a staggering gait. No rash was observed and the thyroid gland was not enlarged. Examination of heart, lung, and abdomen revealed no abnormalities. Her power was grade 3/5 over the proximal muscle groups and grade 4/5 for distal muscle groups in all 4 limbs. Muscle tenderness was detected in all 4 limbs. Sensory testing was normal. Knee reflex was diminished and plantar response was downward. Laboratory tests showed potassium 1.85 mmol/l, sodium 145. Biopsy specimen of striated muscle shows destruction of muscle fascicles and focal necrosis of muscle fibers, with infiltration of many histiocytes, lymphocytes, and neutrophils between striated muscle fascicles; and no vacuolar changes in the muscle fibers (a: H&E, original magnification ×100; b: H&E, original magnification ×400).
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The Journal of on June 24, 2017 -Published by www.jrheum.org Downloaded from 687 IU/l, and LDH 948 IU/l; urine dip test: blood (-), protein (-), and PH 7.0. No abnormalities were found for complete blood count, ESR, BUN, creatinine, glucose, total protein, albumin, and thyroid function tests. Immunologic tests were normal including ANA, anti-ENA, anti-dsDNA, complement, immunoglobulins, and RF. ECG showed sinus rhythm and ST-segment depression. Thoracic radiography was also normal. B-mode ultrasonography of bilateral kidneys detected no abnormalities. Her myalgia and muscle weakness improved completely 1 week after aggressive BP lowering therapy and potassium supplementation. Repeated tests revealed CK 138 IU/l and potassium 3.1 mmol/l. She was considered to be more likely to have PA. Further investigations revealed 24-h urinary potassium excretion 57.69 mmol/l, plasma aldosterone concentration 495.3 pmol/l in supine position, and plasma rennin activity 0.05 µg/l/h in supine position. CT scan of bilateral adrenal glands detected a 1.0 cm × 1.1 cm adenoma of the right adrenal gland that was confirmed in the pathology report after surgical resection. Postoperative tests showed potassium 4.6 mmol/l and CK 61 IU/l. BP was within normal range, and muscle power was grade 5/5 in all 4 limbs. None of the symptoms recurred during 1 year followup.
Case 3.
A 41-year-old woman presented to the outpatient department with muscle weakness involving all extremities for 1 week and muscle myalgia for 5 days. Examination showed CK 3565 IU/l and EMG detected no abnormalities. She then was admitted for suspected PM. She reported a history of hypertension for 1 year (highest, 185/110 mm Hg). Current BP was 180/108 mm Hg. She assumed an active position. No rash was observed and thyroid gland was not enlarged. Examination of heart, lung, and abdomen revealed no abnormalities. Muscle power was grade 4/5 over the proximal muscle groups and 5/5 over the distal muscle groups in all 4 limbs. Sensory testing was normal. Patellar reflex was weakened and plantar response was downward. Laboratory tests: potassium 2.0 mmol/l, sodium 146.8 mmol/l, chloride 100.1 mmol/l, magnesium 0.95 mmol/l, calcium 2.32 mmol/l, and CO 2 32.5 mmol/l; myocardial enzyme profile: CK 3565 IU/l, CK isoenzyme 33 IU/l, ALT 95 IU/l, AST 109 IU/l, and LDH 335 IU/l; urine dip test: blood (-), protein (-), PH 7.0. Complete blood count, ESR, BUN, creatinine, glucose, total protein, albumin, and thyroid function were normal. Immunologic tests were normal. ECG showed sinus rhythm and ST-segment depression in all leads, with flat T waves and visible U waves. Chest radiographs were normal. B-mode ultrasonography of bilateral kidneys showed a 1.5 cm well defined hypoechoic mass in the left adrenal area. Her myalgia and muscle weakness resolved 5 days after aggressive BP lowering therapy and potassium supplementation. Repeated tests revealed CK 152 IU/l and potassium 2.9 mmol/l. Further investigations revealed 24-h urinary potassium excretion 49.55 mmol/l, plasma aldosterone 510.8 pmol/l in supine position, and plasma rennin activity 0.12 µg/l/h in supine position. Adrenal CT scan showed a left adrenal adenoma of 1.1 cm × 2.0 cm size, confirmed by the pathology report after surgical removal. Postoperative evaluations revealed potassium 4.1 mmol/l and CK 44 IU/l; BP remained in the normal range. She did not develop any further symptoms during followup of 6 months.
This case series consists of 3 men and 7 women aged 27-51 years (mean 39 yrs) who presented with myalgia, muscle weakness, and increased muscle enzymes as prominent symptoms. In 2 of the 10 patients, these symptoms were initial manifestations. Five patients reported a history of hypertension for 6 months to 8 years prior to presentation; 5 had a history of polydipsia and polyuria for 6 months to 3 years; and 1 described repeated edema of the face and lower extremities (alleviated after rest) 2 years prior to presentation. Nine patients were suspected of having PM by outpatient care providers and 1 was diagnosed with suspected acute non-Q wave myocardial infarction. During hospitalization, 2 patients received high doses of steroids (80-120 mg/day methylprednisolone) for suspected PM as evidenced by myalgia, muscle weakness, extremely high CK level, and electromyographically detected myogenic damage (Table 1) .
Eight patients with PA experienced significant myalgia and muscle weakness and 2 had only muscle weakness. Muscle myalgia was found in all 4 extremities in 7 patients and in the lower extremities in 1 patient. Muscle weakness was present in the extremities in 9 patients and in the lower extremities in
of the ends of the limbs. Eight patients had diminished deep tendon reflexes. Sensory systems and cranial nerve examinations were normal in all 10 patients, with downward plantar response. All 10 patients had high BP (140-210/90-130 mm Hg) on admission (Table 1) .
Auxiliary examinations included laboratory test results: Significantly increased CK (up to the highest level of 18,561 IU/l) was found in all 10 patients. No increase was found or only a slight increase was noted in 8 patients who underwent CK isoenzyme tests. All 10 patients (100%) had elevated LDH; 9/9 patients tested had increased AST and 5/5 tested had increased ALT. Significantly low serum potassium (lowest, 1.24 mmol/l) was found in all 10 patients. Nine of 9 patients tested had increased 24-h urinary potassium excretion; 7/7 patients tested had increased CO 2 . Among 2 patients who underwent blood gas analysis, 1 had increased pH and 1 had normal pH values. Measurements of serum sodium in 7 patients revealed normal or slightly elevated levels (140.7-151 mmol/l), and serum chloride in 6 patients showed normal or mildly low levels (95.1-101.6 mmol/l). In 4 patients who had urinalysis, pH was neutral or alkaline in the range of 7.0-8.0. In 1 of the 4 patients, urine dip test showed 2+ protein and 3+ blood, but microscopy revealed only 3 RBC/hpf, suggesting myoglobinuria. Seven of 8 patients (87.5%) had increased plasma aldosterone concentration. Five of 5 patients tested had decreased supine plasma rennin activity. Evaluations of blood cortisol in 4 patients showed normal levels. ESR and immunologic tests (ANA, anti-ENA, anti-dsDNA, complement, immunoglobulins, and RF) in 4 patients found all measures were normal. In the 3 patients treated in our institution and 2 reported elsewhere who had complete data, complete blood counts, ESR, BUN, creatinine, uric acid, glucose, total protein, albumin, magnesium, calcium, and thyroid function tests were normal (Table 1) . ECG showed hypokalemic changes in 9 patients and normal findings in 1. Among 9 patients undergoing EMG, 5 had myogenic damage and 4 showed no evidence of abnormalities (Table 1) .
Adrenal B ultrasound examination in 8 patients showed no abnormal findings in 6, but a unilateral well defined hypoechoic mass in 2 patients. Unenhanced or contrast-enhanced CT scans of adrenal glands in 9 patients showed adrenal tumor or mass on the left (n = 5) or the right side (n = 4). In 1 patient who underwent adrenal magnetic resonance imaging, an adrenal tumor was detected on the right side. Among 9 patients whose adenoma or mass was surgically removed, pathology reports confirmed adrenocortical adenoma in 8 and adrenocortical hyperplasia in 1. In 3 patients who underwent muscle biopsy, degeneration/necrosis of muscle fibers and inflammatory cell infiltration were present, with the absence of vacuolar changes (Table 1) .
Potassium supplementation, antihypertensive therapy, and surgical resection of adrenal adenoma (ablative therapy was performed in 1 patient) resolved myalgia and muscle weakness and restored blood potassium, muscle enzyme levels, and BP to normal in all patients. In 8 patients followed up for 6 months to 5 years, no recurrences were reported.
PA is an endocrine disorder with 2 main subtypes: aldosterone-producing tumors (adenomas) and idiopathic hyperaldosteronism. Patients with PA may present with hypertension, neuromuscular dysfunction, potassiumlosing nephropathy, or hypokalemia. Hypertension is the first and most common symptom. In special cases, severe skeletal muscle injury may be complicated and hypokalemic myopathy (HM) may occur. PM refers to nonsuppurative inflammation of striated muscle due to an autoimmune cause, which is characterized by symmetric proximal muscle weakness, myalgia, elevated serum muscle enzymes, myogenic damage on EMG, and varying degrees of muscle inflammation and destruction confirmed pathologically. Glucocorticoids are considered the first choice for treatment, and are usually used in combination with immunosuppressive agents. Glucocorticoids may decrease muscle enzymes to almost normal levels and progressively improve muscle strength within 6-12 weeks after start of treatment. When muscle enzymes return to normal levels, the dose of glucocorticoids should be decreased and maintained at a lower level for continued use for more than 2 years, since inflammatory myopathy requires
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The Skeletal muscles are enriched with CK. Myocyte injury or increased membrane permeability due to various causes may lead to release of CK from myocytes into the blood, resulting in increased serum CK level. The level of serum CK may, to some extent, reflect the degree of involvement of muscle fibers. However, for a long time, increase in muscle enzymes has been regarded as an important clinical feature of PM. Measurement of serum muscle enzyme activity is significant for differential diagnosis of PM and determination of disease activity. Patients with PA who initially or mainly present with myalgia, muscle weakness, and increased muscle enzymes are more likely to be misdiagnosed as having PM. In this series of 10 cases, 9 were misdiagnosed with or suspected of having PM at initial diagnosis. Two patients received high doses of steroids (80-120 mg/day methylprednisolone) for suspected PM as evidenced by significant myalgia, muscle weakness, very high muscle enzyme levels (CK > 8000 mmol/l), and myogenic damage on EMG on admission; moreover, they received aggressive potassium supplementation (4-6 g/day potassium chloride) and antihypertensive therapy for concomitant hypokalemia and hypertension. Most of the other 8 patients received only potassium supplementation and antihypertensive therapy. They experienced significant improvement in myalgia and muscle weakness 3-7 days after treatment and had considerably decreased CK level and significantly elevated serum potassium level on reexamination. The treatment course of these patients was judged to be not in line with that of PM although 3 of the patients had inflammatory cell infiltration in the muscle biopsy. Additionally, in view of the presence of concomitant hypertension, hypokalemia, and alkalemia as well as a history of hypertension and polydipsia/polyuria, these patients were considered to be more likely to have PA than PM. Further evaluations to support the diagnosis of PA were performed and surgical resection of adrenal tumors was done. Finally, the diagnosis of PA was confirmed. After surgical removal or ablation of adrenal tumors, all the patients achieved good outcomes, including rapid return of serum potassium and muscle enzymes to normal, resolution in myalgia and muscle weakness, and return of BP to normal levels. In 8 patients, who were followed for 6 months to 5 years, no recurrences were reported. This case series had many features of classic PM that met (or almost met) the classification criteria for PM 1 , as shown by the acute onsets of proximal muscle pain and weakness, elevated muscle enzymes, and characteristic findings on EMG and muscle biopsy. However, they had concomitant severe hypokalemia and hypertension. Their muscle enzymes decreased rapidly and muscle strength improved significantly only when potassium supplementation and antihypertensive therapy were used (with short-period use or no use of steroids) and returned rapidly to normal after surgical resection of adenomas. Their immunologic tests were normal. In addition, they did not experience any recurrence during followup. Therefore, muscle injury seen in these patients was considered to be secondary to PA. The possibility of PM or concomitant PM could then be excluded.
Muscle damage seen in patients with PA is closely associated with hypokalemia and the association has been confirmed by enzymatic and histological examinations. When serum potassium level is decreased to below 2.0 mEq/l, a patient with PA may have marked elevation of serum muscle enzymes. In such a case, histological findings include diffuse necrosis and vacuolization of muscle fibers in damaged muscle under light microscopy, and complete dissolution of myofilaments with disappearance of sar-
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